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SUTSIARY 



An investigation v;as conducted to determine and 
compare the tensile strength of NACA and conventional 
machine-countersionk flush rivets of several rivet- 
'head angles and varying countersunk depth. The results 
of the investigation are presented in the form of curves 
that shov/ the variation of the tensile strength of the 
rivet with the ratio of the sheet thickness to the 
rivet diameter. 



INTRODUCTION 



Comparative data on the tensile Jtrength of machine 
countersunk flush rivets are scarce, a]. though it is • 
known that rivets are under tensile load in many applica 
tions. An investigation was therefore conducted to 
determine and compare the tensile strength of NACA 
machine -countersunk flush rivets and of conventional 
machine-countersimk flush rivets. The efrect of rivet- 
head angle and depth of coijintersink on the tensile 
strength of both types of rivet was investigated. 



SPEC.BIENS AND RIVETING PROCEDURE 



Each specimen consisted of two sheets of 2l^S-T alu- 
minum alloy of equal thickness, assembled with one 
AI7S-T aluminum-alloy rivet, as shown in figure 1. 
Tables I and II give the rivet diameters and sheet 
thicknesses for all specimens, the depths of counter- 
sink for the NACA flush-rivet specimens, and the heights 
of the rivet heads above the sheet surface before 
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driving for the conventional coimtersunk-rive t specimens. 
For the NAG A flush rivets, the depth of countersink: 
(designated c and shown in fig, 2(a)) was measured 
v/ith a 14.0^ conical spindle ir.ounted on a dial gage 
graduated in ten-thousandths of an inch. For the 
conventional countersunk rivets, the height of the rivet 
head above the sheet surface before driving (desig- 
nated h]3 and shown in fig. 2(b)) was also measured 
with a dial gage . 

The NACA flush-riveting procedure (method E of 
reference 1) is shov/n in figure 2(a). The rivet hole 
in the sheets of the specimen v/as machine -countersunk 
with a 600, 82^, or 100^ countersinking tool. An 
At-TLy-O round-head rivet was inserted from the back of 
th^^' :l''*int, and the manufactured head of the rivet was 
then rlriven with a vibrating gi^n while the shank end 
of the rivet was bucked into the countersunk hole with 
a bar. The protruding portion of the rivet head was 
removed with a flush-rivet milling tool similar to 
that described in reference 2, 

The conventional riveting procedure for countersunk 
rivet? (method C of reference 1) is shown in figure 2(b). 
The rivf^t hole in the sheets of the specimen was machine-* 
ccunt^rounk with an 82^ countersinking tool for the 
AN425 73^ countersunk-head rivets, and with a 100^ counter- 
sinking tool for the ANi|-26 IGO^ counter sunk-he ad rivets. 
The rivet was inserted in the rivet hole and the 
manufactured head was driven with a vibrating gun whila 
the shank end was bucked with a bar. 



TEST PROCEDURE 



The test procedure was the same as that described 
in reference 5. The specimens v/ere mounted in the 
fixtures shown in figure 3. The small rods on each of 
the fixtures pass through the holes in one of the 
sheets of the specimen and bear against the other sheet. 
V\/hen load is applied, the rods push the sheets of the 
specimen apart. Loads were applied to the specimens in a 
hydraulic testing machine accurate v;ithin one-half of 
1 percent. Maximum load and type of failure were 
recorded for each test. 
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RESTTLTS AND CONCLUSIONS 



The results o"^ the tesbs are given In tables I and 
II, and typical specimens after failure are shown in 
figure J.L. T>ie var^Jation of 'che maximuiii tensile load 
with the sheet tnic.Vp.oss is .shown in fl.r^ures 5 9» Tt 
may be notec] in figures 8 and 9 that the tensile strength 

of the 7.'-' — inch-diameter conventional coiantex^sunk rivets 

was increased slightly for values of h-^ greater than 
zero and decreased slightly for values of h^Q less than 
zero . 

In order to permit comparison of the results for 
the different types of rivet tested, the values of the 
tensile strength of the rivet, exoressed as a fraction 
of the tensile strength of the rivet shank, were plotted 
against the ratio of the sheet thickijess to the rivet 
diameter in figures 10 aiid 1^: ^ The tensile strength 
of th3 rivet shank was taken as an average of the maximum 
loads for those specimens that failed by tension of the 
shank, Curv3s were faired tnrough the points so plotted, 
as shown in figures 10 and 11, These curves wore used 
in thi.3 preparation of additional fli^]ure3 (figs. 12 to 15) 
in which the effects of che different variables are 
revealed. 

NACA mach ine- countersunk flush rivet s.- For a given 
ri ve t-h!.-.: ad anp'ie'^he tonsils strength increased with the 
ratio o^ coujitoi'sunk depth to rivet diameter c/d. (|See 
fig. 12.) P'^.r -/d ~ 0.50 ^1^^ rivet-head angles of 
600, 82^, and 100^, the full tensile strength of the 
rivet shank was developed for values of the ratio of 
sheet thickness to rivet diameter t/d greater than O.7. 

For a given value of c/d, the tensile strength 
increa^^-zd with rivet-head angle, but at c/d = O.5O 
the tc-.n^ile strength's of the ICO^ rivets were only very 
slightlv greater tlian f or . the S2^ rivets. (See fig. 13* ) 
For c/d = 0.56 and 0.^0, the tensile strength of the 
60^ rivets approached the tensile strength of 82^ and 
100^ rivets as t/d approached 0.7, 

C onve nt ional countersunk flush rivets .- For values 
of tjd. greater than about O.I4. the tensile strength of 
AN1|25 78^ conventional rivets v\^as higher than for 
ANi+26 100^ conventional rivets. (See fig. li|. ) 
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For t/d greater than about 0.7, the 76^ rivets 
developed more than nine-tenths and the 100^ rivets, 
more than about elpht-tenths of the tensile strength of 
the rivet shank. From the tensile tests of the NACA 
rivets, it is concluded that the greater tensile strengths 
for the 78^ rivets v/ere caused by the higher c/d ratio 
(c/d = 0.50 for the 78^ conventional rivets; c/d = 0.55 
to 0.58 for the 100*^ conventional rivebs). 

Comparison of NACA and conventional machine - 
countersunk rivets .- For the same rivet -he ad angle - 
or essentially the same rivet-head angle - and for a 
given value of c/d, the NACA rivets developed higher 
tensile strength than the conventional rivets. (See 

fig. 15.) 
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TABLE I 

TENSILE STRENGTH OF NACA MACHINE-COUNTERSUNK FLUSH RIVETS 



Sheet 




Depth of 




Rivet-head angle, 60** 


Rivet-head angle, 82*> 


Rivet-head angle, 100^ 


thickness, 
t 

(In,) 


t/d 


co\interslnk, 
c 

fin.) 


c/d 


Max. load 

(lb) 


R 

(a) 


Type of 
failure 


Max. load 
(lb) 


R 

(a) 


Type of 
f ai lure 


Max. load 

(lb) 


R 

(a) 


Type of 
failure 


Rivet dlaneter d = 5^2 in. 


0.025 
• 025 
.032 
.052 
.0^2 

.oLo 
.ol+o 
.oUo 

.051 
.051 

.051 

.061+ 
.061+ 
.061+ 


0.270 
.270 

.3k2 

.3k2 
.31+2 
.U29 

.5U+ 

•685 
.^5 


0.025 
.035 
.025 
.055 

.01+5 

.025 
•Ml 

.025 
.025 


0.267 

■Ml 

'.llo 
.267 

.267 

'Mo 


109 

1^7 
151 
191 
210 
205 

255 
230 

258 
360 
409 


0.253 
.523 
.3|2 

*i+77 
.595 
.555 

:]li 

.600 
.837 
.951 


(h) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 


181+ 
79 
190 

280 
2^0 

260 


0,1+28 
.185 

.khz 

.495 
.651 

.535 
.•567 
.605 
.655 
.855 
•919 
.660 
.700 
.981 


(b) 
(b) 
(b) 
(b) 
(b) 
(c) 
(b) 
(b) 
(c) 
(b) 
(c) 
(0) 
(c) 
(d) 


106 

ut 

295 
290 

ii 


0.265 
.21+7 

.55* 

.816 
.825 

.865 
.?8f 

.900 
1.019 


(b) 
(b) 
(b) 
(b) 
(c) 
(b) 
(c) 
(b) 
(c) 
Co) 
(0) 
(c) 
(c) 
(d) 


RlTet dl««eter d = l/B in. 






0.032 
.0^2 

.of+o 

.Ql+0 
.051 
.051 
.061+ 
.061+ 
.081 
.081 
.081 


0.256 
.256 
.320 

*.^o6 
.1+06 
.513 

•P 


0.055 
.01^5 

.01+5 
.065 

.0^5 
.065 
.ol;5 
.055 

.065 


0.280 
.560 
.280 
.360 
.360 

.520 

.560 

.520 

.360 
Mo 
.520 


22I+ 
221 
281+ 
281 
1+26 
1+20 

5S2 

65? 
726 


0.299 
.295 
.379 
.375 
.569 
.560 
.687 
.769 
.777 
.679 
.969 


(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(c) 
(c) 
(d) 


261 

265 
316 
51+0 

1 

755 


O.5I4.8 

.'211 
.U55 
.575 
.71+5 

:te 

.870 
.909 
i.oot 


(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(c) 
(b) 
(c) 
(e) 
(d) 


289 

569 
hll 
506 

508 
III 


0.585 
.^20 
.1+92 

•.in 

.757 
.677 

1.052 
.816 
.959 

1.075 


(b) 
(b) 
(c) 
(b) 
(b) 
(b) 
(0) 
(c) 
(c) 
fd) 


Rivet diameter d = 5/52 in. 


o.d+o 
.ol+o 

.051 

.'0^ 

.061+ 
.081 
.081 
.102 
.102 
.102 


0.258 
.258 

• 525 

• 525 
.Uio 

.1+10 

.518 
.518 
.651+ 


O.OI+5 

•M 

.055 
.055 
.075 
.055 
.075 
.055 

.065 
.075 


0.288 

M 

.353 

ill 
ill 

.553 
.1+81 


529 

575 
1+19 

7hl 
779 
975 
1110 
1130 
1159 


0.301 
.288 
.326 
.566 

.852 

.971 
.901 
1.012 


(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(d) 
(d) 
(d) 


}^ 

656 

w 

680 

995 
1160 
1000 

1060 
1161+ 


0.326 
.555 

.689 
.770 
.670 
1.01J+ 

•.III 

1.019 


(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(c) 
(0) 
(b) 
(d) 
(d) 


1+81 

810 

955 
970 

lOLo 
960 

1100 

1170 

1210 


0.1+21 
.363 

!708 

:kl 

.910 

.8i+o 
.972 
1.023 

1.059 


(b) 
(b) 
(b) 
(b) 
(0) 
(b) 
(c) 
(c) 
(0) 
(d) 
(dj 






Rivet dleaeter d = 5A6 in. 






0.051 
.051 

.061+ 
.061+ 
.081 
.081 

.102 
.125 
.125 
.125 


0.271 
.271 
.3U2 

■m 
-'^ 

.667 
.667 
.667 


0.055 
.065 
.055 
.065 
.055 
.0§5 
.065 
.065 

!o?5 


0.285 

.31^6 

.263 

.31^6 

.283 

.3k6 
.5U6 
.51+6 
.399 
.U52 


I22 
658 
690 
892 
930 
112s 

DM 
157I; 
1565 


0.357 

.261+ 
Ml 
.1+51 
.558 
.581 
.705 
.905 
.985 
.979 


(b) 
(b) 
(b) 
(b) 
(c) 
(b) 
(b) 
(c) 
(c) 
(d) 


780 
605 

915 

906 
1052 

li+2d 

1285 

1556 

1599 


0.1+88 
.378 

■:p 

.800 
.892 
.80i+ 
.960 
1.000 


(b) 
(b) 
(b) 
(b) 
(c) 
(0) 
(c) 
(c) 
(c) 
(d) 


780 

923 
983 

1095 

1240 
11+60 
1555 
1655 
1707 


'IV 

*.69^ 
.775 
.925 
.972 
1.021 
1.067 


(b) 
(b) 
(c) 
(b) 
(c) 
(c) 
(0) 
(c) 
(d) 
(c) 
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Tensile strength of rivet ahank 



^Countersunk head of rivet pulled through sheet. 
^Countersunk head of rivet sheared, 
drension failure of rivet shank. 



TABLE II 



TENSILE STRENGTH OF COIA/ENTIONAL MACHINE-COUOTERSUNX FLUSH RIVETS 



Sheet 


t/d 


(in.) 




Rivet 


-head angle, 78° 






Rivet- 


-head angle. 100° 




thickness , 
t 

(In.) 


Max , load 
(lb) 


R 

(a) 


Type of 
f alliire 


Rivet-head 
height, C 
(in.) 


C/d 


Max. load 
(lb) 


R 

(a) 


Type of 
failure 


Rivet-head 
height, C 
(in.) 


C/d 










Rivet diameter d = 


5/52 


in. 










0.052 

.0%2 

.Oi|0 
.OI4.O 
.051 

.051 

• UULL 


O.5I+2 
.429 

■4 

.685 
.685 


0.010 

. UUU 
-.005 

.010 
.000 

-.005 

.010 
. 000 

-.005 

.000 
-.005 


27I1 

^Ul 

195 
519 
2U5 
247 
351+ 
595 

q.UO 

397 
57U 


0.657 

Ml 
.741 

.62k 

.914 
.790 

.949 
.925 
.870 


(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(c) 
(c) 
(c) 


0.047 
.047 
.047 
.047 
.047 
.047 

.047 

.047 
.047 
.047 

.0^7 

.047 


0.500 
.500 
.500 
.500 
.500 
.500 
.500 
.500 
.500 
.500 
.500 
.500 


25I 
202 
501 
270 

255 . 
560 

548 

579 
569 


.600 
.470 

:S? 

.593 

8^0? 

.009 

.858 


(b) 
(b) 
(b) 
(c) 
(b) 
(b) 
(c) 
(c) 
(c) 
(c) 
(c) 
(c) 


0.056 
.056 
.056 
.056 
.056 
• u^o 

.056 

.056 
.056 
.056 
.056 
.056 


0.585 
.585 
.585 
.585 
.583 
.585 
.583 

.505 
.585 
.585 
.585 
•?8? 










Rivet diameter d = 


1/8 In. 










O.Ql+O 

.061+ 
.081 


-1 

0.J20 


0.000 

. UUU 

.000 
.000 


500 

SO]. 

621 
714 


O.kOO 
.671 
.829 

.951 


(b) 
(b) 
(b) 
(b) 


0.062 
.062 
.062 
.062 


0.496 
.496 
.496 
.496 


^66 
520 
515 


0.415. 
. 622 


(b) 
(c) 
(c) 
(c) 


0.042 
.042 
.01+2 

.01+2 


0.336 
.336 
.336 
.336 










Rivet diameter d = 


5/52 in. 










0.051 
.06I4. 
.081 
.102 


0.^21; 

.Uio 

.518 


0.000 
.000 
.000 
.000 


755 
1055 
1075 


0.565 
.640 

.915 
.940 


(b) 
(b) 
(b) 
'c) 


0.078 
.078 
.078 
.078 


0.500 
.500 
.500 
.500 


516 

704 
790 
815 


0.452 
.615 
.690 
.713 


(b) 
(b) 
(0) 
(c) 


0.055 
.055 
.055 
.055 


0.552 
.352 
.352 
.552 










Rivet diameter d = 


5/16 in. 










o.o6ii. 
.081 
.102 
.125 


•1 


0.000 
.000 
.000 
.000 


815 
1235 
1409 
1417 


0.509 

■Ml 

.885 


(b) 
(b) 
(b) 
(c) 


0.094 
.094 
.094 
.094 


0.500 
.500 
.500 
.500 


815- 
1200 
1260 
1520 


0.509 
.7^0 


(b) 

(c) 
(c) 
(c) 


0.070 
.070 
.070 
.070 


0.372 
.372 
.372 
.372 



Tensile strength of rivet 



Tensile strength of rivet shank 
^Countersunk head of rivet pulled through sheet. 

^Countersunk head of rivet sheared. NATIONAL ADVISORY 

^Tension failure of rivet shank. COMMITTEE FOR AERONAUTICS 
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Fig. 1 



Rivet 
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Figure I.- Test specimen. 
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Co) NACA flush rivet. 



(b) Conventional countersunk rivet. 
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Fig. 3 
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Figure 3.- Fixtures and sp<^c\m2r) 
for tension tests of rivets. 
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Fig. 4 




(a) NACA rivet; countersunk 

head pulled through sheet. 



(b) NACA rivet; countersunk 
head sheared. 



(c) NACA rivet; rivet shank 
failed in tension. 



(d) Conventional rivet; 

countersunk head pulled 
through sheet. 



(e) Conventional rivet; 

countersunk head sheared. 



Figure 4.- Typical — -inch-diameter rivet specimens of 100^ head 

angle after failure. 
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% .040 .060 J20 0 .040 .060 .120 .160 

Sheet thickness , in. 

Figure ^. -Vonotlon of maximum tensile load with 
sheet thickness for NACA machine -countersunk 
flush rivets ; rivet -head angle = 60! 
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Fig. 
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Figure 6.- Variation of maximum tensile load with 
sheet thickness for NACA machine -countersunk 
flush rivets ; rivet- head angle =6£! 
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NATIONAL ADVJSORY 
COMMinEE FOR AERONAUTICS 



^0 .040 .080 .120 0 j040 .060 .120 .160 

Sheet thickness , in. 

Figure 7. -Variation of maximum tensile load with 
Sheet thickness for NACA machine-countersunk 
flush rivets ; rivet -head angle = 100! 
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Fig. 8 
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Figure 8. - Variation of maximum tensile load with 
sheet thickness for conventional machine - 
countersunk flush rivets ; rivet -head angle =78*. 
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Fig. 
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Figure 9. -Variation of maximum tensile load with 
sheet thickness for conventional machine - 
countersunk flush rivets ; rivet-head angle = 100.° 
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Fig. 10 



0=60" 



> 



O 

c 



c 
o 

09 



> 



'(7) 
C 

1^ 



o 

-+-> 
CP 

c 

to 
_^ 
c 



1.0 
.8 
.6 
4 

.2 
0 

1.0 
.6 
.6 
.4 

.a 

0 



1.0 
.8 
.6 
.4 

•2h 
0 




J L 



J 1_ 




J 1 1 L 




8£° 

Approx. c/cl»Q25 



100° 



-I \ 1 I- 




.36 




J 1 I L_ 




_l L. 




-J 1 I L_ 





NATIONAL AOVrSOHY 
OOMMITTEE FOR AERONAUTICS 



-J I I l_ 



0 .a 4 .6 .8 0 .2 4 .6 .8 0 .2 4 .6 .5 

Sheet thickness , i. 
Rivet diameter ' d 

Figure 10. -Variation of rivet tensile strength with t/d for 
NACA machine -countersunk flush rivets. 
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Figure II. - Variation of rivet tensile strength with t/d for conventional 
machine - countersunk flush rivets; ht>= 0.000 inch. 
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Figure la.- Average curves for the tensile strengtin of NACA machine- 
countersunk flush rivets. 
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Figure 13.- Average curves for the tensile 
machine -countersunk flush rivets. 
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figure 14.- Average curves for the tensile strength 
of conventional 76° and 100° machine - counter- 
sunk flush rivets ; - 0.000 inch . 
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Figure 15.- Connparison of average curves for the tensile strength of 
NACA and conventional machine -countersunk flush rivets with 
corresponding c/d ratios. 



